Objective: The at-risk mental state (ARMS) is associated with a very high risk of psychosis, but it is difficult to predict which individuals will later develop psychosis on the basis of their presenting symptoms. We investigated psychopathological dimensions in subjects with an ARMS and examined whether particular symptom dimensions predicted subsequent transition to psychosis. Method: The sample comprised 122 subjects (aged 16-35 years) meeting Personal Assessment and Crisis Evaluation clinic criteria for the ARMS recruited through Outreach and Support in South London, a clinical service for people with an ARMS. A principal axis factor analysis was performed on symptom scores, obtained at presentation from the Comprehensive Assessment of the At-Risk Mental State, using Varimax rotation. The relationship between dimension scores and transition to psychosis during the following 24 months was then examined employing Cox regression analysis. Results: Factor analysis gave rise to a 5-factor solution of negative, anxiety, disorganization/cognitive, self-harm, and manic symptom dimensions, accounting for 37% of the total variance. Scores on the negative and on the disorganization/cognitive dimensions were associated with transition to psychosis during the follow-up period (P 5 0.044 and P 5 0.005, respectively). Conclusion: The symptoms of the ARMS have a dimensional structure similar to that evident in patients with schizophrenia except for the positive symptom dimension. The association between scores on the disorganization/ cognitive and negative dimensions and later transition is consistent with independent evidence that formal thought disorder, subjective cognitive impairments, and negative symptoms are linked to the subsequent onset of psychosis.
Introduction
A major focus of current research in psychosis is the early recognition and treatment of prodromal symptoms of psychosis. Over the last 2 decades, this has been associated with the development of early intervention services intended to delay or prevent the onset of schizophrenia and other psychotic disorders. Prodromal symptoms are associated with a greatly increased risk of transition to a psychotic disorder; however, only about a third of people with these features go on to develop psychosis. 1, 2 Individuals with prodromal symptoms can thus be described as having an at-risk mental state (ARMS). 3 Despite considerable progress in identifying those at imminent risk of psychosis, the predictive accuracy of current early recognition procedures remains modest, 4 with transition rates to psychosis ranging from 9% to 54% within 1 year after inclusion. [5] [6] [7] [8] This questions the accuracy and adequacy of current early recognition criteria that predominantly include attenuated positive symptoms, brief limited intermittent psychotic symptoms, or a combination of genetic risk and functional deterioration, 9 but these criteria differ across the centers. 10 More recently, in an attempt to improve predictive validity and early recognition of psychosis, studies have examined neurobiological predictors and have identified potential neurobiological correlates of transition to psychosis, as evidenced in meta-analytic work by Smieskova et al. 11 Studies that have primarily focused on predictive value of individual ARMS symptoms have yielded inconsistent results. It thus remains unclear if particular features of the ARMS can predict subsequent transition to psychosis. Attenuated positive psychotic symptoms that are often the most commonly met inclusion criteria for the ARMS 12, 13 can also be experienced by non-help-seeking subjects in the healthy population. 14, 15 While it has been reported that they are not predictive of transition to psychosis in the ARMS, 16 other studies have found that a number of individual symptoms such as ideas of reference, unusual thought content, and perceptual disturbances are associated with later transition to psychosis. 7, 8, [17] [18] [19] [20] Although negative symptoms and depression are not a part of standard inclusion criteria, they have been associated with subsequent transition, 6, [16] [17] [18] as have a number of subjective cognitive impairments, 4, 6, 17, 19, 21 such as attentional impairment, difficulties with expressing and comprehending speech, reduced speed of information processing, dividing attention, and the blocking or interference with thinking.
There is now growing evidence that the psychopathology of established psychosis may be best described by several symptom dimensions. 22 Many factor analytic studies of psychosis symptom profiles have identified multidimensional models such as the popular, 3 syndromic model proposed by Liddle. 23 When affective symptoms have been incorporated, more complex dimensional patterns have emerged. [24] [25] [26] [27] [28] [29] These psychopathological dimensions appear to have distinct genetic and neurocognitive correlates. 30, 31 The extent to which analogous dimensions exist in the symptoms of those at high risk of psychosis is unclear. Hawkins et al. 32 recently conducted a factor analytic study to examine the construct validity of the Scale of Prodromal Symptoms (SOPS) in an ARMS sample. Using a principal component analysis, they identified a 3-factor solution, with negative, general dysphoric, and positive symptom factors, but with restricted specificity for any particular symptom or sign in predicting psychosis. However, principal component analysis is a data reduction method, which is not suitable for detection of latent dimensional constructs, and psychopathological dimensions in the ARMS may be more readily identified by using a factor analysis. The identification of psychopathological dimensions is of particular interest in the ARMS because to date no studies have explored whether a particular constellation of symptoms may predict transition to psychosis, which may have a stronger prognostic value than individual symptom ratings.
The aim of the present study was to examine the dimensional structure of psychopathology in a sample of ARMS subjects using exploratory factor analytical methods on a comprehensive range of symptoms and signs. We predicted that its dimensional structure would resemble that previously described in patients with psychotic disorders. [23] [24] [25] [26] [27] [28] [29] We then sought to assess the relationship between the identified symptom dimensions and the risk of subsequent transition to psychosis. On the basis of previous studies of psychopathological measures, 6, [16] [17] [18] [19] 21 we hypothesized that dimensions with heavy loadings from negative symptoms, depression, and cognitive impairments would be associated with an increased risk of later transition.
Methods

Participants
Individuals aged 16-35 years were recruited through Outreach and Support in South London (OASIS), a clinical service for people with an ARMS in South London. 13 OASIS has an ongoing programme of liaison with local health and non-health agencies who may encounter people with prodromal symptoms suggestive of an ''ARMS.'' The information about early recognition signs and inclusion criteria was disseminated through regular meetings, presentations, and distribution of leaflets. Clients were referred from general practitioner surgeries, schools and colleges, social and faith groups, or adolescent and adult mental health services or have initiated contact themselves. Referred individuals were contacted by phone for an initial screening and then an assessment with OASIS was offered. Clients who met ARMS criteria 6 were seen at regular intervals over the next 2 years with close clinical monitoring for signs of frank psychosis. Each participant gave written informed consent after receiving a complete description of the study.
Ethical approval for the study was obtained from the Institute of Psychiatry Research Ethics Committee.
Instruments
The presence of the ARMS was determined via a detailed clinical assessment using the Comprehensive Assessment of the At-Risk Mental State (CAARMS). 9 An individual can meet ARMS criteria in one or more of 3 ways: (1) a recent decline in functioning, indicated by a 30% drop in the Global Assessment of Functioning (GAF) 33 score from premorbid level sustained for a month, coupled with a first degree relative with psychosis; (2) ''attenuated'' positive psychotic symptoms defined as symptoms that are of a subthreshold intensity, ie, not severe enough (3-5 on ''Disorders of Thought Content'' subscale, 3-4 on ''Perceptual Abnormalities'' subscale, and/or 4-5 on ''Disorganized Speech'' subscales of the CAARMS), lasting at least a week or appearing several times per week; and (3) a brief psychotic episode of less than 1 week's duration that resolves without antipsychotic medication.
Within the CAARMS, 6 of the Huber's basic symptoms 1 are incorporated: subjective experience of cognitive change, subjective emotional disturbance, avolition, subjective complaints of impaired motor functioning, subjective complaints of impaired bodily sensations, and subjective complaints of impaired autonomic functioning. Scores for each subscale range from 0 to 6. Only scores on the subscale of positive symptoms are used to evaluate the ARMS criteria.
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Social functioning was assessed using the GAF. 33 Transition to psychosis was defined as the onset of frank psychotic symptoms, ie symptoms at a severity greater than that corresponding to attenuated psychotic symptoms in the CAARMS, which did not resolve within 1 week. (Severity Scale score of 6 on Disorders of Thought Content subscale, 5 or 6 on Perceptual Abnormalities subscale, and/or 6 on Disorganized Speech subscales of the CAARMS.) 12 The CAARMS is a semistructured interview, specifically designed to measure attenuated psychotic symptoms in people with an ARMS and widely used in both clinical and research settings. It includes 7 subscales: ''Positive Symptoms'' (disorders of thought content, perceptual abnormalities, and disorganized speech), ''Negative Symptoms,'' ''Emotional Disturbance,'' ''Behavioral Change,'' ''Motor Changes,'' ''General Psychopathology'' including manic, depressive, and anxiety symptoms, and ''Cognitive Change.'' ''The Cognitive Change'' subscale is composed of subjectively reported concentration and attention problems, thought form problems (eg, thought block, racing, or confused thoughts), comprehension difficulties and memory problems, as well as observed inattentiveness during interview or poor performance on simple intellectual functioning such as serial 7s. Subjective and objective observations were rated separately for all subscales.
The CAARMS has previously been reported to have good to excellent reliability (Yung et al. 2005 34 ). OASIS has regular interreliability meetings, and every case is discussed in a consensus clinical meeting with senior clinicians to determine whether a subject meets criteria for the ARMS.
Statistical Analysis
Factor Analysis. Exploratory factor analysis (EFA) on the severity scores (1-5) of 21 CAARMS items definitely present in at least 10% of cases was performed using SPSS (version 16.0). One item, observed changes in motor functioning, was excluded because it was present in only 9.5% of the sample. The decision to choose EFA rather than a confirmatory factor analysis was based on the absence of precise factorial model both in established psychosis and in the ARMS. Furthermore, our aim was to explore latent dimensional constructs and not to test a previously developed method because to date there is no such model. The optimum number of factors was determined using a screen plot in combination with an a priori determined number of factors based on theoretically expected factor structure. 35 The decision to retain 5 factors was based on previous studies that have identified 5-factor solutions. 28, 29, 36 Unrotated factors were then subjected to orthogonal rotation using the Varimax method. In addition, we applied Promax rotation, which allows correlation between factors. Based on previous research, only items with robust loadings of greater than 0.4 were used to interpret resulting dimensions. 29, 36, 37 Finally, for each patient, a total score for each dimension was calculated by summing up the scores of items within the dimension. Total scores were then used for subsequent analyses.
Missing Data. Seven out of the 122 subjects had at least one missing observation (maximum: 3). The total number of missing observations was 20 (1%). To avoid the loss of these subjects in our factor analysis, we used single conditional imputation to replace missing data with estimates using expectation maximization algorithms as implemented in SPSS module ''Missing Value Analysis 15.0.'' This method imputes missing data with unbiased estimates by using the available information from the available data assuming that the pattern of missingness is related to the observed data only. This assumption of missing at random is less strict than the assumptions of a complete case analysis, which assumes missing completely at random. 38 We additionally performed the factor analysis on the complete data set to determine that the obtained factor solution does not differ markedly from the one derived from the imputed data set.
Relationship Between Each Dimension's Total Score With Sociodemographic Variables and Transition to
Psychosis. We performed t test for independent samples, analysis of variance for comparisons of the total scores between 2 or more groups, and Pearson's correlations to assess the relationship between 2 continuous variables, such as GAF scores and total scores of dimensions.
Cox proportional hazards regression was used to examine the relationship between the derived factors (predictor variables) and transition to psychosis (dependent variable) during the 24-month period of clinical observation. To assess which of the 5 dimensions have the greatest effect on transition to psychosis, we standardized the variables so that they have mean of 0 and variance of 1 and rerun the Cox regressions with the standardized variables to obtain standardized regression coefficients. Results are presented as hazard ratios, P values, and 95% CI.
Results
Sample Characteristics
A total of 122 subjects with complete CAARMS data were included in the study. The mean age of the sample was 23 years, (range 15-35, SD 4.9), and 57% of the subjects were male. Almost half were from ethnic minorities, and most were single (80%) and either in a full-time employment or students (60%). The mean baseline GAF score was 60 (SD 11). Demographic and clinical data for the sample are presented in table 1.
Of the 122 subjects included in the study, 18 (15%) made a transition to psychosis during the follow-up period. The mean duration to transition was 419 days (SD 322.63, minimum 13 to maximum 1101 days, median 352.5). Of the 104 subjects who did not make a transition, 30 (28.8%) have been with OASIS less than 2 years. Figure 1 shows a Kaplan Meyer survival curve indicating transition to psychosis in months from the referral, censored at 2 years.
Psychopathological Dimensions
Principal factor analysis yielded a 5-factor solution of negative, anxiety, disorganization/cognitive, self-harm, and manic symptom dimensions, explaining 37% of total variance (table 2). Promax and Varimax rotation yielded very similar results, which was also the case with imputed and complete data sets.
The first factor comprised 7 items: social isolation, anhedonia, impaired role of functioning, observed blunted affect, depression, avolition, and disorganized behavior. This was categorized as a negative dimension. The second factor comprised subjective complaints of impaired autonomic functioning impaired tolerance to normal stress, anxiety, mood swings, and alogia and was termed anxiety. The third factor, termed the disorganization/cognitive dimension, comprised observed cognitive change, subjective cognitive change, and disorganized speech. Suicidality and self-harm along with subjective emotional disturbance loaded separately onto a fourth factor, termed self-harm, while mania and subjective complaints of impaired motor functioning aligned together along what was categorized as a manic dimension.
Dimensional Scores
The dimensional total scores correlated strongly with their respective factor scores, but not with the other factor scores. Correlations between the total score for each dimension and their respective factor scores ranged between r = 0.79 and r = 0.95 and were less than r = 0.37 with factor scores of the other remaining factors.
Relationship Between Dimensional Scores and Transition to Psychosis
Cox regression analysis revealed that both the negative and the disorganization/cognitive dimensions were significantly associated with the risk of developing psychosis. Subjects who had made a transition to psychosis scored higher on each of these dimensions than those who had not become psychotic. There were no significant differences between these 2 subgroups on the other 3 symptom domains (table 3) . Means and SDs for a total sample and separated for those who did and did not make transition are presented in table 4. There were strong negative correlations between the total score on the negative and anxiety domains and the GAF score. There were also weaker but still significant negative correlations between scores on the disorganization/cognitive and the self-harm domains and the GAF score (table 5) .
Relationship Between Dimensional Scores and Sociodemographic Variables
Significant associations emerged between the negative dimension and different occupation types (F(2.117) = 5.3, Note: Principal axis factoring was used. Unrotated factors were subject to orthogonal (Varimax) rotation. High factor loadings are presented in bold. . There were no significant differences in the total score for each dimension between males and females, between black and white subjects, or age.
Discussion
This is the first study to examine psychopathological dimensions in the ARMS using ratings from the CAARMS, one of the most widely used instruments for assessing prodromal symptoms and the first to examine the association between dimensions derived from the CAARMS with later transition to psychosis. Principal axis factoring identified a dimensional structure similar, but not identical, to that previously defined in patients with chronic 22, 23, 36 and recent episode psychosis. 29 Furthermore, scores on both the disorganization/cognitive and negative dimensions were significantly associated with subsequent transition to psychosis.
Psychopathological Dimensions in the ARMS
The negative factor that accounted for the most of the variance closely resembles the negative dimension previously described in both chronic and first episode patients with schizophrenia, 36, 39 and is consistent with findings obtained from a prodromal sample using another psychopathological instrument, the SOPS. 32 Apart from negative symptoms such as avolition, blunted affect, and social isolation, in the present study, anhedonia and depression loaded together with these symptoms on the negative dimension. This suggests that in this sample, negative symptoms may be secondary to depression, as suggested by Liddle et al. 40 who also reported an association between anhedonia and negative psychotic symptoms. However, because the data in the present study were cross sectional, it is difficult to determine whether negative symptoms were ''primary'' or a feature of depression. Considerable overlap between depressive and negative symptoms has been reported also in other studies of psychopathology in patients with schizophrenia. 41 Dolan et al. 42 have suggested that negative symptoms in schizophrenia and depression share a common pathophysiological basis because both have been associated with reduced resting prefrontal activity in neuroimaging studies. However, other studies in schizophrenia have identified an independent depression factor, clearly distinct from negative symptoms. 43 These discrepant findings may reflect the use of different rating scales and definitions for depression and negative symptoms across studies and the sampling of different patient populations. Therefore, it is early to draw firm conclusions that the negative symptoms in our sample are of secondary nature, until these findings are further explored and replicated in future studies.
In the present study, depression was not only related to the negative dimension alone but also loaded onto the self-harm factor and to a lesser extent on the anxiety dimension. The latter is in line with findings from 2 studies 40, 44 that reported that anxiety symptoms cosegregated with depressive symptoms on a single factor. Depressive symptoms are relatively common in the ARMS, 13 and the nonspecificity of depression in our sample might reflect dysphoria and distress secondary to the recent onset of psychotic experiences. Similarly, we found that alogia loaded with anxiety symptoms, as opposed to negative symptoms. It is possible that different manifestations of alogia, such as reduced speech expression and hesitancies in spontaneous speech, occurred in the context of anxiety in our sample rather than reflecting a primary alogia seen in patients with the ''deficit'' syndrome of schizophrenia. 45 A striking finding was the presence of a disorganization/cognitive dimension in the ARMS, albeit contributing only modestly to the total variance. This comprised subjective and objective cognitive changes and disorganized speech. Cardinal features of disorganization are formal thought disorder and inappropriate affect, but attentional impairment has been reported in several studies as a constituent feature of this dimension. 40, 46 In the CAARMS, Cognitive Change is a subscale comprising impaired attention, and thought block and racing thoughts, whereas Disorganized Speech includes 2 additional aspects of formal thought disorder, circumstantiality and tangentiality. The disorganization/cognitive dimension in our sample thus resembles the disorganization dimension identified in studies of patients with established psychosis, which typically comprises formal thought disorder and attentional impairment. 40 We did not identify the reality distortion dimension that has been consistently reported in studies of patients with established psychosis. 29, 36, 40 This may seem surprising, given that attenuated positive symptoms like abnormal beliefs and perceptions were by far the commonest presenting symptoms in our sample. However, paradoxically, because the attenuated positive symptoms were one of the inclusion criteria, all the subjects we studied scored on these items, and there may have been an insufficient variance within the sample to permit clear segregation of a factor associated with them. This issue might be addressed by applying the present analysis in ARMS subjects who have been followed up after presentation because there is a divergence of symptom severity within ARMS groups over time, with some subjects showing a symptomatic improvement, others remaining stable, and a proportion showing a worsening of symptoms. Another approach would be to examine symptom dimensions at an earlier stage of the ARMS when attenuated positive symptoms may be less prevalent. 47 
Transition to Psychosis
We found that both the disorganization/cognitive and negative dimensions were associated with subsequent transition to psychosis. This is consistent with a report that in adolescents at high risk, a set of attenuated negative and disorganization symptoms, in combination with neurocognitive and social deficits, preceded the onset of schizophrenia. 48 Similarly, Gourzis et al. 49 categorized Diagnostic and Statistical Manual of Mental Disorders, Third Edition Revised prodromal symptoms into negative, positive prepsychotic, and positive disorganization factors and found that a set of negative symptoms including affective dysfunction and closely resembling the negative dimension in the present study were the most common symptoms in subjects who went on to develop schizophrenia. Our results are also in line with prospective studies of the ARMS that have focused on individual symptoms and have reported that certain negative symptoms particularly, social isolation, are predictive of later psychosis. 16, 50 On the other hand, other symptoms within our negative dimension, such as avolition, anhedonia, and blunted affect, have not been found to be predictive when they were studied as individual items. 2 Retrospective accounts of the prodrome by patients assessed at the first episode psychosis have also pointed to a high prevalence of depressive and negative symptoms prior to the onset of illness, particularly in the early prodromal phase. For example, Hafner et al. 51 in a study of 232 first episode subjects found that depressive and negative symptoms were early features of the prodrome, with depression the most frequent and earliest symptom.
Our observation that cognitive features were associated with transition to psychosis is consistent with evidence that both impaired attention and formal thought disorder, components of our disorganization/cognitive dimension, have individually been associated with the later onset of psychosis in the ARMS. 2 Additionally, Klotterkotter et al., 17 using basic symptom concept in a 10-year follow-up study, found that a symptom cluster of thought impairment, language, perception, and motor disturbance were highly predictive of subsequent schizophrenia. Furthermore, subjective cognitive impairments were present in all the high-risk subjects that later progressed to psychosis. Finally, research in people with schizotypyal features indicates that the later onset of psychosis is linked to cognitive disorganization and anhedonia 52 and to the presence of formal thought disorder manifested as aberrant speech. 53 Both Kraepelin 54 and Bleuler 55 held that a combination of negative and cognitive symptoms were core psychopathological features of schizophrenia. It is possible that these symptoms are the phenomenological expression of an underlying neurodevelopmental perturbation that confers a particularly high risk for the disorder. 56 Our findings suggest that more attention should be given to disorganization, cognitive, and negative features. However, the absence of a positive symptom dimension in the present study indicates that an effect of positive symptoms on the risk of transition cannot be excluded.
Association of Dimensions With GAF Scores
There was a striking correlation between negative and anxiety dimensions and poor global functioning, as indexed by the GAF score. This is not surprising, given that the negative dimension comprised items which can have a powerful influence on the GAF score, such as social isolation, impaired role functioning, and avolition. Poor global functioning has previously been independently associated with the subsequent onset of psychosis in the ARMS. 57 Cornblatt et al. 48 suggested that a sustained attentional impairment in those at high risk disrupts processing of social information, leading to difficulties in interacting with others and the emergence of social difficulties and isolation. There was also a significant but less prominent correlation between the disorganization/cognitive dimension and poor global functioning.
The association between the severity of the negative and disorganization/cognitive dimensions and poor global functioning and evidence that all these may predict subsequent transition to psychosis suggest that they may each be a manifestation of a common underlying process that increases the risk of later illness.
Methodological Issues
The amount of variance explained by the 5-factor solution in our study was relatively low compared with studies of psychopathology in schizophrenia. However, these studies employed principal component analysis, which is a data reduction method with components derived using the variance of the manifest variables rather than the covariance alone. The variance in components is thus likely to be higher than for factors. The amount of variance also depends on the number of items entered into the analysis and hence the clinical instrument used. In general, the severity of symptoms in subjects with an ARMS is less than in patients with schizophrenia, 13 and the ARMS is more heterogeneous with respect to subsequent clinical course. This may also have reduced the variance explained. Because none of our subjects were psychotic and most were medication naive, it is unlikely that the symptomatology and dimensional structure were secondary to effects of chronic illness or treatment.
Conclusion
To date, the assessment and treatment of the ARMS has largely focused on attenuated positive symptoms. Our observations that negative and disorganized/cognitive dimensions are associated with transition to psychosis suggest that, in addition to attenuated positive symptoms, the predictive value of negative symptoms and those relating to disorganization/cognitive construct should also be considered, which may lead to the development of more effective early detection criteria. These symptoms can be assessed in detail using the Bonn Scale for the Assessment of Basic Symptoms and the Schizophrenia Prediction Instrument for Adults, 1 although to date these instruments have mainly been used in German-speaking countries. Our findings also raise the possibility that treatment strategies directed at cognitive impairments and negative symptoms may also be useful in the ARMS: to date, pharmacological and psychological interventions have mainly focused on positive psychotic symptoms. 58 
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